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Improved Efficacy of a Toleiizing DNA Vaccine for Reversal 
of Hyperglycemia through Enhancement of Gene Expression 
and Localization to Intracellular Sites 



Nanette Solvason/* Ya-Ping Lou,* Wendy Peters,* Erica Evans,* Josefina Martinez,* 
Uriel Ramirez,* Andrea Ocampo,* Rui Yun,* Saira Ahmad,* Edwin Liu,* Liping Yu, f 
George Eisenbarth, 1 Michael Leviten,* Lawrence Steinman,* and Hideki Garren* 

Insulin is a major target for the autoinunuju edial Sestruciioii n s >i ' . I j tl > Hype 1 diabetes. 
A pfasnud DNA vaccine encoding m«UH> proiusulin I S reduced the incidence of diabetes in a mouse model of type I diabetes when 
i f i t i i ! i ,< i ! ! nil m apetitic administration 

of proinsulin DNA was accompanied by a rap's.:! decrease in the number of insulin -specific i FN -y- producing T ceils, whereas 
prophylactic treatment was accompanied by enhanced IFN-y-secreting cells and a decrease in insulin autoantibodies. Adoptive 
transfer experiments den < 1 tion i b> 1 * > 1 ! > 

efficacy of the DNA vaccine, was enhanced by increasing the level of expression of the encoded Ag, more frequent dosing, 
increasing dose level, and localization of the protein produvf to the intracellular compartment. The efficacy data presented 
in this study demonstrate that Ag-specific plasrnid DNA therapy is a viable strategy for preventing progression of type 1 
diabetes and defines critical parameters of the dosing regime that Influences tolerance induction. The Journal of Immu- 
nology, 2008, 181: 8298-8307. 
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Materials and Methods 
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To determine whether Treg cells are induced by iwirsNuiin Si Hi- 
DNA end ere responsible for the prolectlou from diabetes progres- 
sion, CD25 : 7CD4"' cells (Treg) were purified ftorn proinsulin II 
Hi-pBHT.l -treated NOD mice and adoptively transferred into 
NOD.*«dmice along with diabetogenic splenocytes. !AA g-wk- 
oid NOD mice were administered 50 fig of proinsulin !I Hi- 
pBHTl weekly by i.m. administration for a. total of eight injec- 
lions. One v> 1 i 1 1 c i ere harvested 
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mice that received Treg cells from the proinsulin II Hi-pBHTI - 
treated mice plus diabetogenic cells compared w ith mice receiving 
diabetogenic cells alone (Fig. 7.4). In contrast, mice that received 
diabetogenic cells plus Treg cells purified from 5-wk-old NOD 
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were dosed weekly with 50 p<: of proinsulin Hi-pBHTI, the empty 
vector, pBHT l (50 jxgy or vehicle (PBS) by i.rn. administration. 
Mice were dosed repeatedly for 6 nso and then left untreated for an 
additional 4 mo. To complement die adoptive transfer experiments, 
described above, we initially performed FAX'S amdysis on ihe is- 
let-infiltrating T cells from three normoglycemic NOD mice in the 
pBHTl and proinsulin DNAd.real.ed mice to determine whether 
there was any evidence for an enhancement in the levels of FoxP3 
CD4 + T cells associated with proinsulin DNA-roediated protec- 
tion. On fin 1 itran tr< a. ta , } ire, eta are a islei-inhitiatmg 
FoxPj f CD4 T cells in the P B FIT! -treated mice was higher than 
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the PBS and empty vector-treated animals in Fig. 8 were nondi- 
abetic: therefore, the induction of IL-10 and I FN- 7 is not simply 



the consequence of failure to progress 10 diabetes, bid is dependent 
on the proinsulin Hi DNA treatment. 

Discussion 

Insulin is a required auieaungem In the ontogeny of ihe irrnntine 
response to islets (5?. An A.g-specdic immunomodulatory therapy 
that down- regulates insulin atitoreactiv ity could provide a signif- 
icant step forward in Ihe treatment of FID. The specific strategy 
used in this study used cloning both allelic variants of insulin (pre- 
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pDNA-encoding elements of the preproinsulta II allele (23, 24). 
Although the two alleles are 88% identical at the amino acid level, 
ihe feci that they elicit dilfereni effects in our experiments is not 
surprising, because they have been clearly shown to have distinct 
roles in diabetes pathogenesis (3. 4, 10, 25, 2d}. 
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A chimeric intron piaced upstream of the proinsulin I! DNA en- 
hanced in vitro pi , > essio b\ 2 o .1 old and provided 
a significant enhancement of (he in vivo potency of the DNA in 
blocking TID onset in hyperglycemic NOD mice. Further evi- 



dose ; 
milieu det. 



i Mic m,per 



wing thai higher amo 



\ on 



costimulaiion, and cytokine 
i or tolerance is the final 



Dosing isvpeciu y influences priming and tolerance induction in 
different ways. In experiments described in this study and in re- 
ports from others (34), a persistent expression level of self Ag is 
required to efficiently blunt an ongoing immune response. Inter- 
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dosed infrequently once every several months. Thus, infrequent 
dosing with long rest intervals or single DNA administrations may 
cause immunization rather than toierization and thus enhance the 
immune response, indeed, a critical parameter affecting the nature 
of the immune response to an As (activation vs tolerance) is per- 
sistence of Ag (37). 

In our model system, tolerance induction in response to DNA 
treatment is not mediated by induction of CD25 h 7CD4" Treg 
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ed no inctease in FoxPo ' CD4 T ceils, a marker routinely 
i identity CD.?.5 + /CD4" h Treg cells. These results are in 
•t to other laboratories using atnoantigen-encoding pDNA 
logy to tolerize NOD mice to islet Ags in which protection 
lahetes onset could be adoptively transferred to recipient 
23. 38) or direct visualization of Treg cells was reported 
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mic NOD mice! provided more robust protection (/> 0.()0! ) than 
when dosing started in normoglycemic NOD mice- (p - 0.05). 
One explanation may be thai activated It lm cells present at the 
time of diabetes ousel are the most sensitive to tolerance induction 
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JFN-y. A c ohsetved a significant decrease in tire number of B9- 
23-specific IFN-7-ptoducing celts immediately alien- proinsulin 
DNA administration and indite! ion of BO-23 if- ; N--y (anil SL-dO)- 
producmg ceils alter lotig-leinn protection from diabetes onset. Al- 
though not direct!) donionsuaieti in this study, our current hypoth- 
esis iN ihui at ieasi smite component ot the protection mediated by 
proinsulin DNA is mediated via the picioiropie eileels of IFN-y 
during the pathogenesis of autoimmune disease (44-47,.. These 
questions provide me foundation for further investigations or, the 
mechanism of action of toienzing DNA vaccines At TID. 
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body of data describing a Treg ceil subset distinct from the Foxp3 
CD25 + CD4 ceils (40). These cells, termed T: ! celts. ate induced 
in response to repeated antigenic stimulation (41, 42). If the B9- 
23-specific IL-lO-secteting ceils have any Treg cell activity, we 
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imer specific for this T cell specificity i'43 ; Thus, further 
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